A Laboratory Study on Incipient Motion of Nonuniform Sediment Mixtures by Monowar Hossain, M. & Kumar Sarker, Liton
Conference Paper, Published Version
Monowar Hossain, M.; Kumar Sarker, Liton
A Laboratory Study on Incipient Motion of Nonuniform
Sediment Mixtures
Verfügbar unter/Available at: https://hdl.handle.net/20.500.11970/100034
Vorgeschlagene Zitierweise/Suggested citation:
Monowar Hossain, M.; Kumar Sarker, Liton (2006): A Laboratory Study on Incipient Motion of
Nonuniform Sediment Mixtures. In: Verheij, H.J.; Hoffmans, Gijs J. (Hg.): Proceedings 3rd
International Conference on Scour and Erosion (ICSE-3). November 1-3, 2006, Amsterdam,
The Netherlands. Gouda (NL): CURNET. S. 322-331.
Standardnutzungsbedingungen/Terms of Use:
Die Dokumente in HENRY stehen unter der Creative Commons Lizenz CC BY 4.0, sofern keine abweichenden
Nutzungsbedingungen getroffen wurden. Damit ist sowohl die kommerzielle Nutzung als auch das Teilen, die
Weiterbearbeitung und Speicherung erlaubt. Das Verwenden und das Bearbeiten stehen unter der Bedingung der
Namensnennung. Im Einzelfall kann eine restriktivere Lizenz gelten; dann gelten abweichend von den obigen
Nutzungsbedingungen die in der dort genannten Lizenz gewährten Nutzungsrechte.
Documents in HENRY are made available under the Creative Commons License CC BY 4.0, if no other license is
applicable. Under CC BY 4.0 commercial use and sharing, remixing, transforming, and building upon the material
of the work is permitted. In some cases a different, more restrictive license may apply; if applicable the terms of
the restrictive license will be binding.
A Laboratory Study on Incipient Motion of 
Nonuniform Sediment Mixtures 
 
M.Monowar Hossain*,  Liton Kumar Sarker**  
* Professor, Department of Water Resources Engineering, BUET, Dhaka, Bangladesh 
** Assistant Engineer, Bangladesh Water Development Board, Comilla, Bangladesh 
        
 
 
 
 
 
ABSTRACT 
 
Experiments have been conducted at the Hydraulics and River Engineering laboratory of BUET in a mobile bed facility 
with a view to further improving the knowledge of incipient motion of non-uniform sediments. Four sediment mixtures with 
different gradations were used in the experiments. Sediment mixtures were made by adding different size fractions with 
varying proportions. A reference transport method is used to define the beginning of bed material movement. The 
experiments demonstrate that the incipient motion of individual size fractions within a mixture is largely controlled by their 
relative size with respect to median size. The
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50d
di for the experimental sediment mixtures fall into a single line, 
from which it may be inferred that all fractions move predominantly at the same shear stress. Functions developed for the 
calculation of critical shear stress of different sizes in sediment mixtures have close proximity with the previous methods. 
 
The critical shear stress of median sized sediment of the present investigation was found to be slightly lower than the 
stress computed from the Shields' diagram. The value of critical shear stress was found to be dependent on its absolute size 
and mixture sorting. A semi empirical method has been developed for the computation of critical shear stress of median sized 
sediment by rearranging the dimensionless parameters of grain Reynolds number and mixture sorting. By regression with 
the experimental data sets the derived parameters result in functions of the form of R *50c =0.09
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function can be a useful tool in determining critical shear stress of median sized non-uniform sediment mixtures. Previous 
investigators advocated either Shields' threshold curve or a particular value for the critical shear stress of median sized 
sediment in case of non-uniform sediment mixtures. The functions developed here will make the calculation of critical shear 
stress for other sediment sizes more simple and representative. 
 
 
 
 
 
I. INTRODUCTION 
The flow condition under which the sediment 
particles of given characteristics just start moving is 
known as the condition of critical motion or the condition 
of incipient motion of the sedimentary particles. The 
condition of incipient motion or the threshold of 
movement is best described by shear stress. The shear 
stress at which the sediment particles just start moving is 
known as the critical shear stress or critical tractive stress. 
Determination of the critical shear stress for incipient 
motion of streambeds is of considerable interest to river 
engineers, geomorphologists and stream ecologists. 
Natural streambeds are invariably nonuniform in 
character, and their behavior differs from that of the beds 
composed of uniform sediment. As a result of extensive 
investigations for nearly six decades, the critical shear 
stress for incipient motion of uniform sediments is 
reasonably well understood. The critical shear stress of 
any size fraction in case of a nonuniform sediment bed is, 
however, influenced by the other sizes on account of the 
sheltering and exposure effects in such beds.  
It is generally accepted that in sediment mixtures, 
smaller particles are shielded by coarser grains and need 
a higher shear stress for mobilization compared with 
uniform sediment of the same size. Conversely, larger 
particles in mixtures are entrained at lower shear stress 
than in a bed of uniform sediment because of increased 
exposure and instability [12]. 
It has been demonstrated that the relative variation of 
the critical value of dimensionless bed shear stress for 
different grain sizes di within a mixture is largely 
controlled by their relative size with respect to a central 
value of the grain-size distribution, commonly the median 
size d50. 
τ∗ci/τ∗c50 = function (di/d50)      (1) 
Where τ∗ci and τ∗c50 are critical values of the Shields’ 
dimensionless shear stress for sizes di and d50 
respectively. Several attempts have been made by 
different researchers to account for the relative variation 
of the critical value of dimensionless bed shear stress for 
different grain sizes within a mixture. However, the 
character of the “hiding function” equation (1) has been 
found to differ markedly in different studies. Many 
laboratory and field studies have demonstrated near-equal 
entrainment mobility of different size fractions where 
most sizes begin to move at about the same shear stress 
[9, 10, and 19]. In other cases, significantly different 
degrees of size-selective entrainment have been observed 
[2, 7, 17, and 18]. Comparison of some of the hiding 
functions proposed in the literature is presented in Fig. 1 
and Fig. 2 for a typical range of di/d50 found in natural 
gravel bed streams. It is seen that there is a considerable 
discrepancy in the results with almost a tenfold difference 
in the critical Shields’ stress for the end size fractions 
[12]. The observed variations have been attributed to the 
difference in methods used to define the critical stresses 
[15], as well as to the character of the bed material size 
distribution [7, 11 and 16]. However, the cause of the 
variation in the reported τ∗ci /τ∗c50 values is still poorly 
explained [12]. Therefore there is a need to further 
quantify the factors controlling relative mobility of 
different fractions in sediment mixtures. 
There is also no generally accepted method for 
predicting the value of τ∗c50 which is needed for 
fractionwise calculations while using a hiding function of 
the form of equation (1). Attempts have been made to 
relate τ∗c50 to the Shields’ threshold curve derived for 
uniform sediment [7, 19, and 20].  
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In many studies, however, large departures of τ∗c50 from 
the Shields’ curve have been observed [e.g., 1, 2, 8, 9, 
and 11]. Values of τ∗c50 obtained by different researchers 
are plotted on the Shields’ diagram in Fig. 3 and 
compared with the shields’ thresholds curve [14]. It is 
seen that the scatter of the reported data is considerable 
and is hardly acceptable for practical use. Thus the 
development of a method predicting τ∗c50 requires further 
research. 
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Figure 3. Comparison of critical shear stress *50cτ  for median size 
50d  in sediment mixture of different researchers with the Shields 
threshold curve [3] 
 
From the literature it appears that most of the studies 
were conducted with gravel or sand-gravel mixtures 
whose median size ranges from 1.62 mm to 6.4 mm. 
However, in Bangladesh, the coarse sand, commonly 
known as Sylhet sand is nonuniform in character whose 
median size is around 0.7 mm. Thus much research is 
needed for better understanding of the incipient motion of 
such fine sediments. 
 
II. EXPERIMENTAL SETUP AND METHODOLOGY 
 
A. Bed Materials 
Natural sands of density 2650 kg/m3 is being sieved 
into different size ranges and added in required 
proportions to get mixtures of the required gradations. 
The grain size distribution of the four mixes used in the 
present experiments is shown in Fig. 4 and their 
characteristics are summarized in Table 1. In Table 1, d50 
= median size of the sediment, dg = geometric mean size, 
da = arithmetic mean size and σg = geometric standard 
deviation, these being defined as, 
∑= iia d∆p100
1d                  (2a) 
∑= iig logd∆p100
1logd                               (2b) 

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σ                   (2c) 
in which i∆p  is the percentage by weight corresponding 
to the size id . The value of d is being calculated as the 
geometric mean of the size ranges chosen, i.e. 
s2s1i .ddd = , in which s1d  and s2d  are the extreme sizes 
of the chosen range. Also 84d  and 16d  are sizes such that 
84% and 16% of the material respectively, by weight, are 
finer than these sizes. The sediment mixtures designated 
by S1, S2, S3 and S4 having log – normal distribution 
and narrow range of median size and mixture sorting. 
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Figure 4. Grain – size distribution for the experimental sediment 
mixtures 
 
TABLE 1 PROPERTIES OF SEDIMENT MIXTURES USED IN THE EXPERIMENT 
 
Mixture 
Designation 
 
ad  
(mm) 
gd  
(mm) 
50d  
(mm) 
gσ  
(mm) 
nb 
 
 
S1 0.78 0.66 0.64 1.96 0.0128 
S2 0.85 0.72 0.74 1.90 0.0131 
S3 0.88 0.75 0.79 1.84 0.0132 
S4 1.09 1.00 1.02 1.53 0.0136 
 
B. Experimental Work 
The experiments were carried out in a straight 11m 
long channel having a width of 1.0m and a depth of 0.6m. 
The sides of the channel were made of concrete with 
enamel painted and thus much smoother than the bed, 
thereby making the influence of sidewall rather small. 
Water was allowed to flow smoothly from the upstream 
reservoir through the pipes placed horizontally at the 
inlet. A tailgate was located at the downstream end of the 
channel. For a particular discharge, if the tailgate is raised 
it increases the water level and vice versa. A Rehbok weir 
was attached at the end of the channel that delivers water 
to the downstream reservoir. The Rehbok weir was 
calibrated to measure the discharge directly by observing 
the head above the weir only. The water level and bed 
level were measured with the help of a point gauge. A 
removable sediment trap at the downstream end of the 
channel was used to collect the transported material.  
 
C. Methodology of Experiment 
For each sediment type at least four runs with 
different hydraulic conditions have been made in the 
present study. For each run, sand was placed in the flume 
bed by giving a pre-determined slope to bed and filled 
with the required sediment mixture to a uniform depth of 
15 cm or more. Care was taken to avoid segregation of 
the material during placements and it was ensured that 
the composition of the surface layer was practically the 
same as that of the entire mixture. A very low discharge 
was allowed into the flume at first, so that the sediment 
bed becomes fully saturated. 
After filling with water the run began by gradually 
increasing flow to the desired value. The tailgate was 
adjusted when necessary to maintain uniform flow in the 
flume. Several slopes were used and a number of runs 
were being done with the flow varying between a very 
low one with almost no sediment transport and one which 
moves a substantial portion of the bed material. A total of 
19 runs were carried out in the experiment. The duration 
of single run was governed by sediment transport rate 
(the larger the transport rate is, the shorter is the run and 
vice versa) and varies from 3 hrs to 8.30 hrs. Care had 
been taken to ensure that the flow was uniform and that 
constant rate of sediment transport condition was 
attained. Constant rate of sediment transport was 
supposed to have been attained when three successive 
samples collected yields a sediment transport rate that is 
practically invariant with time. Sediment was feed in the 
flume at upstream with the help of a board placed at 
upstream and this was done manually by measuring the  
TABLE 2.  MEAN HYDRAULIC AND TRANSPORT PARAMETERS FOR THE EXPERIMENT 
 
Run 
No. 
 
Total 
Runtime (hr) 
Sed. 
Collection 
Time (hr) 
Mixture 
Type 
Avg. 
Discharge, 
Q (m3/s) 
Avg. 
Depth, d 
(cm) 
Avg. 
Velocity, U 
(cm/s) 
Slope,S 
410×  
1 3:45 3.00 S1 0.05071 15.12 33.53 3.199 
2 3:40 0.5 S1 0.06373 17.33 36.76 3.336 
3 3:15 2.00 S1 0.07062 21.47 32.88 2.151 
4 4:00 3.00 S1 0.04764 15.24 31.26 2.759 
5 3:30 0.58 S1 0.03454 10.37 33.31 4.78 
6 3:00 1.25 S1 0.02754 8.98 30.67 4.781 
7 5:00 3.00 S1 0.05047 15.73 32.09 2.81 
8 6:45 5.00 S2 0.05065 15.97 31.72 2.888 
9 5:00 3.00 S2 0.04337 13.48 32.17 3.563 
10 4:00 1.50 S2 0.03527 10.72 32.90 4.81 
11 8:30 8.25 S2 0.06252 20.01 31.24 2.22 
12 4:00 1.75 S3 0.03527 10.78 32.72 4.79 
13 4:00 3.00 S3 0.06254 18.32 34.14 2.937 
14 4:30 2.00 S3 0.05008 14.74 33.98 3.658 
15 3:45 1.00 S3 0.04688 13.68 34.27 4.16 
16 4:00 1.00 S4 0.04939 14.00 35.28 4.386 
17 4:00 1.50 S4 0.0435 12.15 35.80 5.285 
18 7:00 6.00 S4 0.04513 14.20 31.78 3.201 
19 4:00 3.00 S4 0.04631 14.14 32.75 3.416 
 
 
transported sediment for the time period of 5 or 10 
minutes. After attainment of equilibrium conditions, 
sediment had been collected for desired purpose. The 
collected sediment was dried, weighed and sieved to get 
the fractional transport rate. All the runs were conducted 
in such a condition that there was no pronounced bed 
form. 
 
III. Analytical Method 
 
Methodological problems have always haunted the 
study of incipient motion of sediments. Even in the 
relatively simple case of sediments that are nearly 
uniform in size, it has long been realized that different 
methods, or even variations of the same method, give 
different values of the critical shear stress for initiation of 
grain motion [15]. It has long been recognized that a 
basic problem encountered when determining the critical 
shear stress is that, it can be estimated only with data 
from flows with some grain motion, for which the bed 
shear stress already exceeds critical. A second and more 
fundamental problem is that the bed shear stress is a 
fluctuating quantity, and one can not precisely define a 
value below which there is no motion. Both problems 
lead naturally to a definition of cτ  in terms of a small but 
finite number of grains in motion. But the number of 
grains displaced depends on the area of the bed examined 
and the length of time over which grain displacements 
may occur. An initial-motion criterion must therefore be 
defined so that the critical shear stress determined for 
different sediments, or for different fractions in a 
sediment mixture are comparable, so that empirical data 
on critical shear stress can be combined into a general 
model or compared to theoretical results. 
 
 
 
There are two general methods for determining the 
critical shear stress for individual fractions in mixed-size 
sediment. One associates the critical shear stress with the 
largest grain in the mixture that can be moved by a given 
flow. The other approximates the critical shear stress as 
that shear stress that produces a small reference transport 
rate of a given fraction. The former is known as the 
Largest Grain Method (LGM) and the latter as Reference 
Transport Method (RTM).  
Parker et al.’s Reference Transport criterion is used 
in the present analysis. In this method the CTS is 
estimated from a fitted relationship of the dimensionless 
bed load parameter, *iW , and the dimensionless grain 
shear stress, i*τ ′  , as the shear stress corresponding to 
*
iW = 0.002, wherein  
( )3/
* )1(
SRgi
GqiW
bsb
BB
i
γ
−
=                      (3) 
in which Bi , bi  - proportions of size fraction id  in the 
transported material and the sediment bed respectively, 
Bq = total bed load transport rate per unit width by 
weight, sγ = unit weight of sediment, fγ = unit weight of 
water, G  = relative density of sediment =
f
s
γ
γ
, g = 
acceleration due to gravity, bR′  = hydraulic radius 
corresponding to grain resistance, and  S = longitudinal 
slope of the channel bed. The use of the grain shear stress 
in preference to the total shear stress is logical because 
the former is the effective shear stress for bed load 
transport in case of an undulated bed. The dimensionless 
grain shear stress, i*τ ′ , is defined as  
is
i dγ
τ
τ
∆
′
=′
0
*      (4) 
in which fss γγγ −=∆ , and 0τ ′  is the grain shear stress 
which can be computed using the equation 
SRbf ′=′ γτ0      (5) 
Here bR′  is the corrected hydraulic radius corresponding to 
grain resistance. A sidewall correction is applied to Rb to 
get the corrected hydraulic radius, bR′ . S is the slope of the 
energy line. Computation of the reference shear stress for 
individual fractions requires a number of choices 
concerning the appropriate technique for fitting the data. 
Not only must a reference transport criterion be chosen, 
but also an appropriate curve of transport rate versus 
shear stress must be fitted to the data, and the method of  
 fitting the curve to the data must be chosen. The relation 
chosen here is a power approximation of the Einstein 
(1950) bed load function at low stresses derived by 
Parker (1979)   
5.4
*
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* 8531.012.11
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ci
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τ
                  (6)  
A typical plot of *iW  and i*τ ′  for computing 
dimensionless critical shear stress of individual fractions 
in case of sediment mixtures is shown in Fig. 5. 
 
IV. DATA FROM OTHER SOURCES 
The present analysis uses both experimental results from 
this study and data from previous investigations. The 
main objective to select the additional data is that the 
fractional transport rates were measured over a wide 
range of bed mobility, including very low transport rates 
near to incipient motion and the data should cover a wide  
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Figure 5. Variation of *iW  with i*τ ′  
 
 
 
range of bed material gradings and median sediment 
sizes. Although the data were collected using different 
operational and measurement procedures and differ in 
accuracy and reliability, all refer to the transport of sand/ 
gravel mixture on a reasonably flat bed by steady, 
uniform flow. 
 
 
 
 
 
TABLE 3. SUMMARY OF OTHER DATA SETS USED IN THE PRESENT ANALYSIS 
 
Mixture 
Designation a
d  
(mm) 
gd  
(mm) 
50d  
(mm) 
gσ  
Reference 
M1 4.15 3.39 3.35 1.79 Patel and Ranga Raju (1999) 
M2 5.57 3.89 3.70 2.29 do 
M3 3.16 2.59 2.59 1.73 do 
M4 4.79 3.02 2.65 2.61 do 
M5 6.10 3.55 2.80 2.90 do 
MIT- 1φ 2.34 1.85 1.83 1.99 do 
MIT- ½φ 1.94 1.82 1.83 1.41 do 
Day- B 1.81 1.15 1.62 3.26 do 
SAF 2.90 2.11 2.16 2.60 do 
Misri- N1 3.00 2.41 2.37 2.00 do 
Misri- N2 6.00 3.83 3.85 3.00 do 
Misri- N3 5.70 4.00 3.12 2.36 do 
Day- A   1.82 3.41 Wilcock and Southard (1988) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
V. ANALYSIS OF RESULTS 
A. Relative Size Effect  
Variation of *ciτ  with di/d50 is shown in Fig. 6 for all 
the sediment mixes. A consistent trend of 
50
*
d
di
ci −τ  is 
being found for the experimental sediment mixes. 
Sediment mixtures of S2 and S3 having close median size 
of 0.74 mm and 0.79 mm and geometric standard 
deviation of 1.9 and 1.84 respectively is plotted 
separately in Fig. 7 shows the fact that *ciτ  values for each 
di/d50 nearly identical. For mixtures S1 and S4 with 
median values as 0.64 mm and 1.02 mm and geometric 
standard deviation of 1.96 and 1.53 respectively shows a 
variation in the *ciτ  vs  di/d50 plotting, which is shown in 
the Fig.8 .  
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Figure 6. Variation of *ciτ  with 
50d
di
 for the experimental data sets 
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Figure 7. Variation of *ciτ  with 
50d
di
 for sediment mixture S2 and S3 
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Figure 8. Variation of *ciτ  with 
50d
di
 for sediment mixture S1 and S4 
 
For all the experimental data and other available data 
shows a consistent trend of *ciτ  vs di/d50 and can be 
expressed as
β
ατ 







=
50
*
d
di
ci . The trend of *ciτ  vs  di/d50 for all 
the experimental sediment mixtures are very similar and 
fall in the narrow range of –0.962 to –1.055, even though 
mixture standard deviation ranges from 1.53 to 1.96. The 
trends for all the sediments including present experiment 
fall in the narrow range of –0.92 to –1.1. Like ref. [19] 
the present experimental data strongly support that 
relative size of sediments contribute significantly to 
variation in *ciτ  rather than mixture sorting. Values of α 
and β for the experimental data and other available data is 
being determined from the fitting of these data and is 
given in table 4. 
 
TABLE 4. LEAST SQUARES FIT TO 
β
ατ








=
50
*
d
di
ci  FOR THE SEDIMENT MIXTURES. 
Mixture Type α β Reference 
S1 0.0282 -1.055 Experiment 
S2 0.0269 -0.970 do 
S3 0.0269 -0.997 do 
S4 0.0234 -0.962 do 
Patel M1 0.0593 -1.041 Patel and Ranga Raju (1999) 
Patel M2 0.0578 -1.028 do 
Patel M3 0.0498 -0.979 do 
Patel M4 0.0559 -1.100 do 
Patel M5 0.0622 -1.002 do 
MIT ½ φ 0.0301 -1.006 Wilcock and Southard (1988) 
MIT 1φ 0.0356 -0.970 do 
DAY B 0.0368 -0.953 do 
MISRI N1 0.0475 -0.997 do 
MISRI N2 0.0415 -0.953 do 
MISRI N3 0.0371 -0.920 do 
Oak Creek 0.0732 -0.979 do 
 
B. Effect of Grain Reynolds Number (Absolute Size 
Effect) 
To show the effect of grain Reynolds number on 
critical shear stress, values of dimensionless critical shear 
stress for each fractions of sediment mixtures is being 
plotted against the corresponding values of grain 
Reynolds number and is shown in Fig. 9. It is seen that 
for the finer fractions, similar sizes of different mixtures 
move at almost the same Reynolds number wherein for 
the coarser fractions it differs significantly. It tells the 
fact that the absolute size effect is significant for coarser 
fractions than the finer ones in these experimental data 
sets.  
 
C. Development of a New Relationship 
To find a relationship for the calculation of critical 
shear stress of any size fraction for the experimental 
sediment mixtures, the values of *ciτ  determined from the 
reference transport method are normalized using 
reference stresses for median-sized fractions *50cτ  and 
plotted against 
50d
di
. The reason behind using *50cτ  rather 
than other values (i, e., mean value, geometric mean 
value) is that it is widely used and Shields’ threshold 
curve is related with this. For sediment mixture S3 the 
plotting of 
*
50
*
c
ci
τ
τ
vs 
50d
di
 is shown in Fig. 10. A least square 
fit to 
*
50
*
c
ci
τ
τ
= ( )βα
50d
di
 of these data can be made. The 
coefficients and exponents of straight lines fitted to these 
data are given in table 5.  
The slopes of the 
*
50
*
c
ci
τ
τ
- 
50d
di relations fall within a 
fairly small range of –0.962 to –1.05 and the correlation 
coefficient for each mixture is almost 1.0, which 
represents a good correlation. The coefficient of 
*
50
*
c
ci
τ
τ
- 
50d
di
 relations also closes to unity. 
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Figure 9. Variation of *ciτ  with grain Reynolds number 
TABLE 5.  LEAST SQUARE FIT TO 
*
50
*
c
ci
τ
τ
= ( )βα
50d
di FOR THE EXPERIMENTAL 
SEDIMENT MIXTURES 
 
Mixture Type α  β  R2 
S1 1.09 -1.05 0.989 
S2 1.05 -0.97 0.998 
S3 1.03 -0.996 0.999 
S4 1.04 -0.962 0.999 
 
All these values tell the fact that all sediment 
fractions move at almost the same shear stress. This is the 
manifestation of the common feature of nonuniform 
sediment mixture that in sediment mixtures, smaller 
particles are shielded by coarser grains and need a higher 
shear stress for mobilization and larger particles are 
entrained at lower shear stress because of increased 
exposure and instability than in a bed of uniform 
sediment. The variations of the exponent values of 
*
50
*
c
ci
τ
τ
- 
50d
d i
 relations are due to mixture sorting, skewness and 
modality. Plot of 
*
50
*
c
ci
τ
τ
vs 
50d
d i
 can also be made for the 
whole sediment mixtures. In Fig. 11 the experimental 
data is being plotted and least square fit to these data 
shows a consistent trend. It can be represented by an 
equation that can be used to calculate critical shear stress 
of different size fractions in a sediment mixture. 
Experimental data along with the available data sets also 
fall into a straight line, which is shown in Fig. 12. 
Equations representing these two lines can be compared 
and it is shown below  
For experimental data:                            
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For experimental and all available data:  
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Fig. 11 Variation of
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Figure 12. Variation of 
*
50
*
c
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τ
τ
 with 
50d
di
 for all available data sets 
 
Comparison of these two equations shows a very 
similarity to each other. This result tells the fact that the 
results of experimental sediment mixtures are consistent 
with the results of other sediment mixtures. The relative 
variation of dimensionless critical shear stress for each 
size fraction with respect to a central value (median size) 
is consistent for different sediment mixtures. So, either of 
the equations can be used to represent the critical shear 
stress of individual fractions for sediment mixtures. 
 
D. A New Approach to the Calculation of Critical  
Shear Stress of Median-Sized Sediment 
Values of *50cτ  are necessary for the calculation of 
critical shear stress of different fractions in sediment 
mixtures. The mobility of median – sized fraction is 
being compared with the Shields’ threshold curve derived 
for uniform sediments in Fig. 13. Scatter from the 
Shields’ threshold curve is found for the experimental 
sediment mixtures and for other values available in the 
literature. Different researchers have recommended 
different ideas for the computation of the value of *50cτ . 
Among those ref. [10] recommended *50cτ = 0.0876. Some 
investigators like ref. [16 and 19] recommended that *50cτ  
be calculated using Modified Shields’ method  or 88% of 
the above value. But the actual values of *50cτ  found to be 
departed significantly from the above values. 
We know that nonuniformity of sediment affects 
*
50cτ  and the measure of nonuniformity of sediment is the 
geometric standard deviation, σg. 
By taking these two parameters, we can write, 
( )gc F στ =*50                     (9) 
from the definition of grain Reynolds number, *cR   
υ
duR cc *
*
= , where u*c is the shear velocity. From 
which it can be derived 
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Replacing *50cτ  from equation (10) into equation (9) gives, 
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Regression with the available data sets as shown in Fig. 
14, equations of the form of 11 found as, 
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VI. CONCLUSION 
 
From analysis of experimental data sets along with 
those available from earlier investigations, the following 
conclusions can be drawn.  
The critical shear stress of individual fractions 
depends largely on relative size and absolute size of 
different fractions with respect to median size. A relation 
has developed for calculation of critical shear stress of 
different fractions in sediment mixtures. The relationship 
reveals the fact that all sediment fractions move at almost 
the same shear stress, i.e., smaller particles are shielded 
by coarser grains and need a higher shear stress for 
mobilization and larger particles are entrained at lower 
shear stress because of increased exposure and instability 
than in a bed of uniform sediment.  
Present analysis shows inadequacy of using Shields’ 
diagram for the value of critical shear stress of median 
sized sediment ( ∗50cτ ). A new relationship has developed 
here for the value of ∗50cτ .  
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